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PREFACE. 



In preparing candidate's for the Matriculation Examination 
of the University of London, I have used a MS. copy of the 
Questions given in the Calendar, classifying them under the 
different headings stated in the Syllabus of subjects, published 
by the Senate of the University. 

My collection has now grown to such dimensions, that I 
think, if printed, it may be useful to many who are engaged 
in teaching the subjects to which the questions refir, as well 
as to those candidates for Matriculation who have not the 
advantage of special instruction. 

The mode of using these questions must be left to the 
discretion of the teacher or the student,- but the following plan 
seems to me best : — 

After a subject as e. g, " The Composition and Resolution 
of Statical Forces '* has been read through in any text book 
and the examples therein given worked, let the candidate 
work the whole of the questions given under this head. 
Similarly with the " Simple Machines " and other subjects. 
It is a fair inference that if a candldvjiie ^vcv,\cxt'koix.\» "VxieXjp 
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8 QUESTIONS IN NATUBAL PUILOSOPHT. 

the constniction show to what these two forces respectivelj become 
almost equal, when one of the supporting strings is almost long 
enough to allow the other to hang in a vertical position. Jum: 1867. 

1. It is required to subtitute, for a given vertical force, two forces^ 
one horizontal, the other inclined at an angle of 45? to the vertical ; 
determine the magnitudes of these two forces. Jan. I860. 

1. Show how to find the resultant of two forces, A and B, which 
act upon a given point in directions that make an angle A with each 
other. The force A acting towards the given point, and the force 
B away from it. 

Six vertical smooth posts are fixed in the ground at equal intervals 
round the circumference of a circle, and a cord, without weight, is 
passed twice round them, all in a horizontal plane, and pulled tight 
with a force of lOOlbs. Find the magnitude and direction of the 
resultant pressure on each post. June 1868. 

2. State and explain the proposition known as the '^ Parallelogram 
of Forces." 

A weight of 241b8. is suspended by two flexible strings, one of which 
is horizontal, and the other is inclined at an angle of 80^ to the 
vertical direction. What is the tension in each string ? Jan. 1869. 

4. If two forces acting on a point are represented in magnitude 
and direction by two sides of a triangle, under what circumstance 
will the third side exactly represent their resultant ? Forces of 20 
and 10 act along the sides AB and BC respectively of an equilateral 
triangle : find the magnitude of their resultant. June 1869 

I. Show how to find the resultant of three given forces acting on 
a point ; and prove that to produce equilibrium, their directions 
must be in the same plane. Jan. 1870. 

1. What is meant by the moment of a force about a given point ? 
How is its magnitude determined ? If several forces which do not 
balance, act in the same plane upon different points of a solid body, 
one point of which is fixed, what condition must be fulfilled in order that 
the point may be in equilibrium. Show that this condition can not be 
fulfilled unless the fixed point is in the plane of the forces. June I870« 

I. Show that as the angle between two forces is increased their 
resultant is diminished. Two forces of the magnitude, 5 and 11, act 
at angles of 60^, 90?, and 120^, respectively, compare their resultants 
in the three cases. Jan. 1871. 

1. Assuming the prilSciplc of the parallelogram of forces, show 
what must be the relation, in order that there niuy be equilibrium on 
the inclined plane, between the power, the weight, and the pressure 
against the plane. June 1871; 
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1. Show why a Lever is in equilihrium when the Power and 
Weight are to each other inversely as the perpendicular distances of 
their lines of action from the Fulcram. Jan. 1872. 

2. Show how to resolve a given force into two components, one 
of which has a given magnitude and acts parallel to a given straight 
line. 

As a special case, resolve a force of magnitude 12, acting horizon- 
tally from left to right, into two components, one of which is a force 
of magnitude 25, acting vertically upwards. Jan. 1872. 

1. Three equal forces act in one plane on a point in such a way 
that each of them makes an angle of 120 deg. with each of the other 
two. Prove that the forces will balance. June 1872. 

2. Employ the above proposition to show that the resultant of 

forces, 7 and H, acting at an angle of 120 deg., is the same as the 

resultant of forces 7 and 7 acting at an angle of 60 deg. 

June 1872. 

3. When a horse is employed to tow a barge along a canal, the 
tow-rope is usually of considerable length ; give a definite reason 
for using a long rope instead of a short one. Show whether the 
same considerations hold good in relation to the length of the rope 
when a steam tug is used instead of a horse. June 1 872. 

7. Show how it is possible for a sailing-vessel to make way in a 
direction different from that of the wind Why cannot a round tub. 
be steered at as great an angle to the direction of the wind as a long 
boat? June 1872. 

8. In a combination of one fixed and one _, 
moveable pulley, when the power acts horizon- 

tally, and the fixed end of the string is attaehed " T' ^ 

to the upper block, find the direction of the total \^ y 

resultant pressure on the upper block and its (^ 

magnitude as compared with the power, (see fig.) 

Jan. 1873. 
K A heavy plummet is immersed in a stream, 
the string being held by a person standing on the 
bank ; the string is found to settle in a sloping 
position. Show by means of a sketch the three / 

forces which keep the plummet in equ\\\\iTVviLm. ,^^ ^\ 

9 
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10 QTTESTIOirS TS NATUEAL PHILOSOPHY. 

SIMPLE MACHINES (Mechanical Powers ):- 
Ratio op the Poweb to the Weight in^ each. 

8. What is the ratio between the power and the weight in a Screw 
which has ten threads to the inch, and is moved by a power acting 
perpendicularly to an arm at a distance of one foot from the centre ? 

Jan. 1864. 

2, Two men, A and B, carry a weight of 200 lbs. on a pole between 
them. If the men be 5 feet apart, and the weight slung at a distance 
of 2 feet from A, what part of the weight will he bear, neglecting 
the weight of the pole ? June 1864. 

1. If a man has to raise a weight, and has only one pulley at his 
disposal, show how he must apply it in order to obtain the utmost 
advantage. Jan. 1865. 

1. A man who weighs 160 lbs., wishing to raise a rock, leans with 
his whole weight on one end of a horizontal crowbar five feet long, 
which is propped at the distance of four inches from the end in con- 
tact with the rock. What force does he exert on the rock ; and 
what pressure has the prop to sustain ? June 1865. 

8. Sketch a system of pulleys in which the power is to the weight 
in the proportion of 1 to 4. June 1866. 

3. State the relation between the power and the weight in the 
inclined plane, the power acting parallel to the plane. 

How may this relation be deduced from the consideration of an 
endless chain put round the inclined plane and hanging down ? 

Jan. 1866. 

3. Find the ratio between the power and the weight in a Screw 
with 10 threads to the inch, worked by a lever 1 foot long. 
Mention some of the most important applications of the Screw. 

June 1866. 

2. A weight is to be raised by means of a rope passing round a 
horizontal cylinder 10 inches in diameter, turned by a winch with an 
arm 2^ feet long. Find the greatest weight which a man could so 
raise without exerting a pressure of more than 50 lbs. on the handle 

p/flffi winch, 3ios.\%Qn, 
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2. Sketch a system of. Pulleys, one fixed and two moveable, in 
which one end of the string passing round each pulley is attached to 
the weight ; and find the relation of the power to the weight when 
in equilibrium. June 1867. 

2. How can the true weight of a body be determined by means 
of a balance with unequal arms? Jan. 18G0. 

2. A straight lever 20 inches long weighs 15 oz. Where must the 
fulcrum be placed in order that the lever may be in equilibrium, 
when a weight of 16 oz. is hung at one end, and a weight of 9 oz. at 
the other ? 

What is the pressure on the fulcrum where the lever is in equili- 
brium? June 1868. 

4. Describe the Screw, and point out its relation to the Inclined 
Plane. 
What is the mechanical advantage of the Screw ?* 

Jan. 1869. 

2. In a system of one fixed and 4 moveable pulleys, in which one 
end of each string is fixed to a beam, find the relation between the 
power and the weight (neglecting the weight of the pulleys) when 
one of the strings is nailed to the pulley around which it passes. 

What is the force exerted on the beam to which the strings are 
attached? June 1869. 

2. Find the ratio of the power to the weight for equilibrium on a 
bent lever of the first kind, when the forces act at ri^ht angles to the 
arms. Supposing the arms make an angle of 120 deg. with each 
other, and have the relative lengths 1 and 5 , find the magnitude and 
point of application of the resultant of the power and weiglit when 
the lever is in equilibrium. Jan. 1870. 

8. Find the relation between the power and the weight in the 
third system of pulleys (in which each string is attached to the 
weight), when the weights of the pulleys are disregarded. Also show 
what the relation would be if the weights of the pulleys were taken 
into account. JuNt 1870. 

2. What condition must be fulfilUd m oxdet xXi^X ^>i^^i \sv«?i\i^ 
in equUibiinm, upon a hard sniooth. pYaxLQ B\xxl«iA:*^*i 
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A weight rests upon a smooth horizontal plane, and is acted on bj 
a force, eqnal to a weight of 61bs., in a direction inclined obliqnelj 
downwards at an angle of 80 degrees to the horizon. Find the 
magnitude of the horizontal force required to prevent motion. 

JUNB 1870, 

2. A weight of 561bs. is attached to as traight lever without weight, 
at a distance of 8 inches from the fulcrum, and is balanced in one 
case bj a power of ^Ibs., and in another by a power of 161bs. : find 
in each case the pressure on the fulcrum, and also the distance 
between the points of application of the power and weight when 
they are applied. 

(a) on the same side of the fulcrum. 

(b) on opposite sides of the fulcrum. 

Show how the answer to each part of the question would be 
affected if the lever weighed Olbs., and its centre of gravity were at 
the fulcrum. ' Jan. 1871. 

2. A solid roller, with an axle projecting from one end, is sus- 
pended horizontally from two vertical cords, — one of them attached 
to the end of the roller opposite to the axle, the other to the middle 
of the axle ; the roller is 4 feet long and weighs 271bs. ; the axle is 
1 foot long and weighs lib. Find the weight supported by each 
cord. June 1871. 

8. A pole 12 feet long, weighing 251bs., rests with one end 
against the foot of a wall, and from a point 2 feet from the other end 
a cord runs horizontallj to a point in the wall 8 feet from the ground. 
Find the tension of the cord and the pressure of the lower end of 
the pole. June 1871. 

4. A wheel and axle is used to raise a bucket from a well. The 
radius of the wheel is 15 inches ; and while it makes 7 revolutions, 
the bucket, which weighs 801bs., rises 5^ |eet, show what is the 
smallest force that can be employed to turn the wheel. Upon what 
general principle is your answer founded ? Jan. 1872. 

4. A man wheels a loaded wheelbarrow along a level road. 
Point out the conditions which determine how much of the total 
weight of load and barrow is supported by the wheel, and how much 
is supported by the man. June 1872. 
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1. If a man wants to help a cart np hill, is there anj mechanical 
reason why he shonld put his shoulder to the wheel, instead of 
pushing at the body of the cart ? and if so, show at what part of the 
wheel, force can be applied with the greatest effect. Jan. 1878. 

2. A body weighing 61bs. is placed on a smooth plane, which is 
inclined at 80 degrees to the horizon. Find the two directions in 
which a force equal to the weight of the body may act to produce 
equilibrium. Also, find what is the pressure on the plane in each 
case. Jan. 1878. 

6. T6n weights, each of 201bs., are to be lifted to a height of 8 ft. 
from the ground. Show how a system of pulleys might be arranged 
so that disregarding friction and the weight of the pulleys, all the 
weights could be lifted together, by exerting a force equal to one of 
them. Show that the distance through which this force would have 
to act, would be the same as when the weights were raised one by 
one by the same power. Jan. 1873. 

3. Two men carry a block of iron 1761bs., suspended from a 
uniform pole 14 feet long ; each man's shoulder is 1 foot 6 inches 
from his end of the pole. At what point of the pole must the heavy 
weight be suspended, in order that one of the men may bear four- 
fifths of the weight borne by the other? June 1873. 

OENTBE OF QtRAYlTY. 

2. Explain why a man who has to carry a heavy box in one hand 
must throw his body on one side. 

If the force of gravity, instead of acting vertically, were to act 
horizontally from east to west, would this affect the position within 
a body of its centre of gravity ? Jan. 1864. 

8. Explain why a plumb-line will not remain at rest except in 
one position. June 1864. 

3. Show from the property of the Centre of Gravity that in a 
common Balance it makes no difference in what part of the scale- 
pan the weight is put, whether in the centre or at the edge. 

Jan. 1865. 

2. A solid cube of wood rests by one of its sides u\joii oo. vw<LV\\^<ijiw 
plui9, in such a manner that the \ipp« aii^Xo'WQT ^^^«ft ^^ \\&\>^'*^'^ 



14 QUESTIONS IN NATUEAL PHILOSOPHY. 

are horizontal. The inclination of the plane can be increased ; and 
it is 80 rough that the cube will topple over before it will slide. Find 
at what inclination this will take place. June 1865. 

2. Find the centre of Gravity of a system consisting of two 
spheres, 8 oz. and 24 oz. in weight, connected bj a rigid rod without 
weight, the distance between the centres of the spheres being 1 foot. 

JuNB 1866. 

2. How would you find, experimentally, the centre of Gravity of 
a straight, but not uniform rod ? 

A straight lever 6 feet long, and heavier towards one end, is found 
to balance on a fulcrum 2 feet from the heavy end ; but when placed 
on a fulcrum at the middle, it requires a weight of 31bs. hung at the 
lighter end to keep it horizontal. What is the weight of the lever ? 

Jan. 1866. 

8. Define the Centre of Gravity of a body. 
A triangular board is hung by a string attached to one comer. 
What point in the opposite side will be in a line with the string ? 

JiN. 1867. 

3. A cylinder is placed on one of its ends on a horizontal plane 
sufficiently rough to prevent sliding, and is gradually pulled by a 
string attached to its upper end until it falls over. What part of the 
upper surface is just over the point of contact of the base with the 
plane when this takes place ? Jcnb 1867. 

3. A B C D E is a board of irregular figure, and it is found 
that when the board is hung from A, the point C is in the vertical 
line through A, and that when it is hung from B, the point D is 
in the vertical line through B. If the board be suspended vertically 
from the point E find what point in the perimeter will be 
below E? Jan. 1868. 

3. Draw a four-sided figure with unequal sides, and describe (I) 
a geometrical and (2) an experimental method of finding its centre 
of gravity. 

A piece of uniform paper in the form of a regular hexagon has one 
of the equilateral triangles, obtained by joining the centre to two 
consecutive angular points, cut out. Determine the position of the 
centre of gravity of the remainder of the papet. 3tli&^ Y^^. 
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3. A cjlindrical vessel weighing 41bs., and the internal depth of 
which is 6 inches, will just hold 21bs. of water. If the centre of 
gravity of the vessel, when empty, is 3*39 inches from the top, de- 
termine the position of the centre of gravity of the vessel and its 
contents when full of water. Jan. 1869. 

8. Two uniform cylinders of the same material, one of them 8 
inches long and two in diameter ; the other 6 inches long and 3 
in diameter, are joined together end to end, so that their axes are 
in the same straight line. Find the centre of gravity of the 
combination. Jukb 1869. 

3. Two heavy particles, weighing respectively 3 and 5 ounces, are 
attached to the ends of a straight rod 8 inches long, weighing 2 
ounces. Find the centre of gravity of the system, Jan. 1870. 



B , • -| c ^' Four heavy particles of the relative weights 

2, 3, 4, and 5, are placed at the comers A, B, C, 
and D, respectively, of a horizontal square board; 
find the common centre of gravitj of the 4 particles. 

'^ Show whether the centre of gravity would 

change if the board were inclined. Jan. 1871. 

2. Give examples of bodies in stable, unstable, and neutral equili- 
brium. If a body be in stable equilibrium, how is its centre of 
gravity affected by a small displacement of the body ? 

June 1873. 

GENEBAL LAWS OF MOTION. 

WITH THB CHIEF EXPERIMENTS BY WHICH THEY MAY 

BE ILLUSTRATED. 

4. Enunciate the second law of motion. 

A ball is projected in a horizontal direction from a rifle placed 
1,000 feet above the level of the sea. Find the elevation of the ball 
above the level of the sea two seconds after the discharge, neglecting 
the resistance of the air. Jan. 18G6. 

4. State the Third Law of Motion ; and give a numerical 
application of it. 

JSxplam the " kick" of a gun. ;i\rK^ Y^^^, 
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4. When a body in motion is left wholly to itself, not being 
influenced by gravity or any other external force, what is the nature 
of the motion of translation of the body ? Give some evidence from 
observation or experiment of the truth of your statement. 

Jan. 1867. 

4. A body of given mass is acted upon by a constant force. 
Find the space described in a given time. 

If a particle move from rest through 40*5 feet in 4^ seconds under 
the action of a constant force find the acceleration. 

Jan. 1870. 

4. What is meant by the acceleration due to a force ; and upon 
what does its magnitude depend ? 

If the velocity of a body increase from 12 feet to 13 feet per 
second, while it moves over a distance of 5 feet, what is the accelera- 
tion ? Indicate the course of reasoning upon which your calculation 
is based. Junb 1870. 

5. A mass originally at rest, acted on by a force which in .g^ 
of a second, gives to it a velocity of 5 J inches per second; show 
what proportion the force bears to the weight of the mass. 

Jan. 1871. 

6. A particle moves with a uniformly increasing velocity. Show 
that the whole space described is proportional to the square of the 
time from the beginning of the motion. Junb 1871. 

6. Explain the third law of motion. 

Apply it to determine the velocity gained per second, when weights 
of 6 oz. and 4 oz. are attached to two ends of a string, passing over the 
edge of a table, the larger weight being drawn along the table by the 
smaller, which descends vertically. June 1871. 

5, If a particle moves in consequence of the continued action 
upon it of a constant force ; show what is the character of the re- 
sulting motion, and in what manner it depends on the magnitude of 
the force, and the mass of the particle. 

As a special case, show how the resulting motion would be changed 
if the mass of the particle were trebled, and the intensity of the force 
acting upon it were doubled, Jan. 1872, 
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6. When a particle, which is acted upon by any number of 
forces, moves during their action, with uniform velocity in a straight 
line, shew what condition the forces must fultil. Jan. 1872, 

6. The speed of a railway train increases uniformly for the 
first three minutes after starting; and daring this time it travels 
one mile. What speed (in miles per hour) has it now gained ; and 
what space did it describe in the first two minutes ? June 1872, 

6. In the last question, supposing the line level, and disregarding 
friction and the resistance of the air, compare the force exerted by 
the engine with the weight of the train. Junb 1872. 

5, The intensity of gravity at the surface of the planet Jupiter 
being about 2*6 times as great as it is at the surface of the Earth, find 
approximately^ the time which a heavy body would occupy in falling 
from a height of 167 feet to the surface of Jupiter. Jan. 1873. 

4. State the three laws of motion and give examples of each. 
A rifle is pointed horizontally with its barrel 5 feet above a lake. 
When discharged, the ball is found to strike the water 400 feet off. 
Find, approximately, the velocity of the ball. June 1873. 

5. Find the tension on a rope which draws a carriage of 8 tons 
weight up a smooth incline of 1 in 5, and causes an increase of 
velocity in a second of 3 feet per second. June 1873. 

6. If, on the same incline, the rope breaks when the carriage has 
a Telocity of 48*3 feet per second, how far will the carriage continue 
to move up the incline ? June 1873. 
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LAWS OF THE MOTION OF FALLING BODIES, 

4. How far will a body fall from rest in four seconds ? With 
what velocity must a ball be thrown vertically upwards, in order to 
return to the hand after four seconds ? Jan. 18G4. 

4. An arrow is shot vertically upwards with a velocity of 100 feet 
in a second when it leaves the bow. How long will it be before it 
reaches the ground again ? June 18G4. 

If another arrow, half the weight of the former, be shot with the 
same force vertically upwards, how long will it be before it readies 
the ground again ? Point out where you apply any of the laws of 
motion in answering this question. June 1804. 

4. When a stone has fallen from rest under the action of gravity, 
we know that at the end of one second of time it is moving with the 
velocity of 32 feet per second ; and yet during the first second it has 
only fallen 16 feet. How do you reconcile these two statements ? 

Jan. 18G5. 

4. How does it appear that the force of gravity acts on all 
substances alike ? 

A person inside clings to the roof of a railway carriage, which then 
rushes horizontally over the edge of a precipice. What change, if 
any, in his motion will result if he lets go his hold ? Give a reason 
for your reply. June 1865. 

6. Explain by reference to a diagram why a stone only falls 16 
feet during the first second, while yet the force of gravity generates 
in that time the velocity of 32 feet per second. Jan. 1867. 

4. A stone, after falling for one second, strikes a pane of glass, 
in breaking through which it loses halt its velocity. How far will it 
fall in the next second ? June 1867. 

4. A body falling with a uniformly accelerated motion, passes 
through 10 feet in the iirst two seconds after starting : how far will 
it be from the starting point at the end of the third second. 

Jan. 1868, 
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4. A heavy particle is dropped from a given point, and after it 
has fallen for one second, another particle is dropped from the same 
point. What is the distance between the two particles when the first 
has been moving during 5 seconds ? June 1868. 

5. Through what vertical distance mu«t a heavy body fall from 
rest, in order to acquire a velocity of IGl feet per second ? If it 
continue falling for another second, after having acquired the above 
velocity, through what distance will it fall in that time ? (Gravity 
32-2.) Jan. 1869. 

1 . A balloon has been ascending vertically at a uniform rate for 
4*5 seconds, and a stone let fall from it reaches the ground in 7 
seconds. Find the velocity of the balloon, and its height when the 
stone is let fall. June 1869. 

4. If a heavy body is thrown vertically up to a given height, and 
then falls back to the earth, show that, neglecting the resistance of 
the air, it passes each point of its path with the same velocity when 
rising as when falling. 

A ball is allowed to fall to the ground from a certain height, and 
at the same instant another ba;ll is thrown upwards with just suffi- 
cient velocity to carry it to the height from which the other one falls. 
Show when and where the two balls will pass each other. 

Jan. 1871. 

4. A heavy particle is dropped from a height of 178|. feet above 

a level plane, and while falling, it is carried horizontally with a 
uniform velocity of 3 feet per second. At what distance from its 
starting point will it strike the ground ? June 1871. 
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HYDBOSTATICS, HYDRAULICS, AND PNEUMATICS. 

PEESSUEE OF LIQUIDS AND GASES, 
ITS EQUAL DIEEUSION, AND VAEIATION WITH THE DEPTH. 

6. A mercurial barometer is lowered into a vessel of water so 
that the surface of the water is finally six inches above the cistern 
of the barometer. What kind of change will take place in the 
reading of the column of the instrument ? Give a reason for your 
reply. Jan. 1864. 

5. If a bottle filled with air be tightly corked, and lowered into 
the ocean, the cork will be 'forced in at a certain depth. Why is 
this ? and what will take place if the bottle be filled with water 
instead of air ? June 1864. 

6. If as much additional air were forced into a closed vessel as 
it previously contained when in communication with the atmosphere, 
what would be the pressure on a square inch of the internal surface ? 

June 1865. 

5. At what depth in a lake is the pressure of the water, including 
the atmospheric pressure three times as great as at the depth of ten 
feet, on a day when the height of the liquid column in a water- 
barometer is 38 feet 6 inches ? June 1867. 

6. Describe an experiment which proves that the upward pressure 
of a fluid on any substance immersed in it, is equal to the weight 
of the fluid displaced by the substance. Give a sketch, showing the 
arrangement of the apparatus. June 1869. 

7. If a bladder, containing 800 cubic inches of air, under a 
pressure of equal to that of 80 inches of mercury, be sunk to 240 
feet below the surface of water, the barometer at the time standing 
at 28'6 inches, to what volume will the air in the bladder be com- 
pressed ? (Specific gravity of mercury, 18'6.) June 1869. 

5. If two liquids that do not mix, meet in a level tube, open at 
both ends, show that when at rest, their heights above the common 
surfacd of contact, are inversely proportional to their specific 
grayitieSf 
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The specific gravity of mercury is 13*6, and the height of the 
mercurial barometer is 30 inches. What is the greatest height to 
which water can be raised by means of the common pump ? 

Jan. 1870. 

6. A vessel, in the shape of a pyramid, is 5 feet high, and with a 
base, 4 feet square, is filled with water. Find the pressure upon the 
base and account for its being greater than the total weight of water 
in the vessel. June 1870. 

6. Find the pressure on a vertical rectangle 10 inches long and 
6 inches wide, immersed in water, with its longer sides horizontal, 
and with the upper one 2 inches below the surface. (One cubic foot 
of water weighs 1000 ounces.) Jan. 1871. 

7. State the law connecting the volumes and pressure of 
permanent gases at a constant temperature, and describe experiments 
in proof of it. Jan. 1871. 

7. Explain under what circumstances the pressure of a liquid 
on the bottom of a vessel containing it, is different from the force 
with which it presses the vessel against the table on which it rests. 
Account for this difference of pressure. Junb 1871. 

9. State the law connecting the pressure of a gas with the weight 
of a constant volume of the gas. 

A tumbler full of air is place<l, mouth downwards, under water, 
at such a depth that the surface of the water inside is at a depth of 
25 J feet. Compjire the weight of a cubic inch of air in the tumbler 
with that of a cubic inch of the air outside, the barometer standing 
at 30 inches, and the specific gravity of mercury being 13*6. 

June 1871. 

7. If a cylinder, with flat horizontal ends, is wholly immersed in 
water, prove that the resultant pressure exerted upon it by the water 
is an upward pressure, equal to the weight of a quantity of water of 
the same bulk as the cylinder. Jan. 1872. 

10. State clearly the conditions requisite for the ascent of a 
balloon, and show what would be the effect of a variation of 
barometeric pressure on the lifting power of a balloon partially 
filled with gas. 
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Taking 7'671bs. as the weight of 100 cubic feet of air, find, 
approximately, the volume of hydrogen (specific gravity compared 
with air 20-07) which a balloon must contain, in order that its total 
lifting power may be equal to the weight of 7131b8. 

June 1872. 

9. A litre of air at 0^*0. and 760 mm. barometeric pressure, 
weighs 1*293 grammes. Show how to find the weight of 73 litres at 
the same temperature, and under 1000 mm. pressure. Jan. 1873. 

8. Describe an experiment, showing that the pressure of water, 
at any depth below its surface, is exerted upwards as well as down- 
wards. JuNB 1878. 

9. In a vessel not quite full of water, and closed at the top by a 
membrane, a small glass balloon, with an opening under water, 
contains just sufficient air to make it float. Explain the principle 
on which the balloon sinks, when the membrane is pressed down. 
Will it rise or sink with increase of pressure, when the opening is 
above water ? June 1873. 

SPECIFIC GRAVITY, 

AND THE MODES OF DETEEMINING IT. 
5. Define clearly what is meant by Specific Gravity. Is there 
any difference in specific gravity between 4:lbs. of iron and 21bs. of 
the same metal ? Jan. 1865. 

A body whose specific gravity is 3*5, weighs 41bs. in water. What 
is its real weight ? 

5. A solid weighs in vacuo 100 grains, in water 85 grains, and in 
another fluid 88 grains. Wliat is the specific gravity of this fluid ? 

Jan. IS(;(;. 

5. A solid, soluble in water but not in alcohol, weighs 340 urains 
in air, and 210 in alcohol. Find the specific gravity of the solid, 
that of alcohol being 0-85. June 18GG. 

7. State precisely what information is gained by knowing the 
specific gravity of a body. 

Show how to find the specific gravity of a solid lighter than waiter 
and not soluble in that liquid. 
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6. A lump of bees'-wax, weighing 2896 grains is stuck on a 
crystal of quartz weighing 795 grains, and the whole when suspended 
in water is found to weigh 390 grains. Find the specific gravity of 
bees'-wax, that of quartz being 2*66. June 1867. 

6. A bottle holds 1500 grains of water; and when filled with 
alcohol it weighs 1708 grains ; but when empty it weighs 520 grains. 
What is the specific gravity of the alcohol ? Jan. 1808. 

5. A piece of cupric sulphate weighs 3 oz. in vacuo, and 1"86 oz. in 
oil of turpentine. What is the specific of gravity of cupric sulphate, 
that of turpentine being 0*88? June 1868. 

6. A piece of metal weighs 211*6 grains in vacuo, 187 32 grains 
in water, and 182*37 grains in a solution of sodic chloride. Find the 
specific gravity of the solution. Jan. 1862. 

8. Describe the method by means of which you would determine 
the specific gravity of a substance in the form of powder, and explain 
how to calculate the result. June 1871. 

8. If a piece of wood, weighing 1201b8., floats in water with 
4ths of its volume immersed, show what is its whole volume. (One 

cubic foot of water weighs 62*5lbs.) Jan. 1872. 

9. When equal volumes of alcohol (specific gravity, 0-8,) and 
distilled water are mixed together, the volume of the mixture (after 
it has returned to the original temperature), is found to fall short of 
the sum of the volumes of its constituents by 4 per cent. Find 
the specific gravity of the mixture. June 1872. 

7. Explain how it may be proved, experimentally, that the 
resultant pressure of a liquid on a body immersed in it, is an 
upward pressure equal to the weight of the liquid displaced. How 
may this property be employed to compare the specific gravities of 
two liquids ? Jan. 1873. 

8. Describe, fully, an cxperiijiental method of determining the 
weight of a cubic inch of water. Jan. 1873. 

7. Explain the principle which enables us to find the specific 
gravity of a body by weighing it m water. 
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A piece of metal of specific gravity 9*8 weighs in water 56 grains. 
What is its true weight ? June ]873. 



THE BABOMETER, SIPHON, COMMON-PUMP & 
FOROING-PXJMP, & THE AUBt-PXJMP. 

7. Draw a diagram representing (in section) a single-harrel 
Air-pump when the piston is being lowered. 

Explain the action of such a pump. 

If the receiver hold 64 grains of air, and 8 grains be remeved by 
the first stroke of the piston, how much will be removed by the second 
stroke ? Jajs, 1864, 

6. Explain why a siphon cannot be used to convey water from a 
lower to a higher level. June 1864. 

6. Describe by means of a diagram the Common Pump, State 
the limit to its action and the cause of the same. Jan. 1865. 

5. Explain the action of the Siphon. Is there any> limit to the 
height of an embankment over which water may be carried by means 
of a siphon from a higher to a lower level ? June 1864. 

6. Explain the action of the ordinary lifting-pump. Find the 
limit of its action ; and show that this will be different at the top of 
a mountain and at the level of the sea. Jan. 1866. 

7. If a barometer were carried down in a diving-bell, what would 
take place ? Give a rough quantitative result. Jan. 1866. 

6. A tapering tube is bent in the middle at an acute angle, and 
being filled with water is inverted with the two ends completely 
immersed beneath the surfaces of the water in two vessels, the 
narrower leg being held vertical, and its end being only just below 
the surface. Point out the mode in which the water will flow ; and 
show when the flow will cease. June 1866. 

7. Describe and explain the Barometer; and state on what 
principle it is used to determine the height of a mountain. 

Might it also be used to determine the depth of the sea ? 

June 1866, 
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6. Describe the Forcing-pump; and state why it cannot in 
general be replaced by a common pnmp. Jan. 18f>7. 

7. A barometer tnbe of half an inch internal diameter is filled 

in the usual w&j, and the mercury is found to stand at the height of 

30 inches. A cubic inch of air haying been allowed to pass into the 

vacuum above the mercury, the column is found to be depressed 5 

inches. What was the volume of the original vacuum ? 

Juste 1867. 

6. Describe the construction and action of the Common Pump. 

Jan. 1868. 

7. A tube closed at one end is filled with mercury, and the open 
end dipped below the surface of mercury in an open vessel ; if the 
tube be inclined at an angle of 60^ to the vertical, what is the 
greatest length the tube can have so as to remain full of mercury, 
the length of the barometer being at the time 80 inches ? 

Jan. 1868. 

6. If the height of the barometer rises from 80 inches to 80*25 
inches, what is the increase of pressure (in lbs.) upon a square foot ? 
The weight of a cubic foot of water being taken to be 1000 ounces, 
and the specific gravity of mercury 18*55. 

June 1868. 

7. Describe and explain the action of the Common Siphon. 

June 1868. 

7. Describe the Common Barometer ; and point out the principle 
on which its action is based. 

What change in the atmospheric pressure, on a square inch, is 
indicated by a fall of one inch in the height of the barometer column ? 
(A cubic inch of water weighs 252*7 grains, and the Specific gravity 
of mercury is 18*6.) Jan. 1869. 

6. Describe and explain the construction and action of the Double- 
barrelled Air-pump. Jan. 1870. 

6. Describe the Forcing-pump, and explain its action. If the 
area of the piston is 8*5 square inches, and a power of 771bs, is 
employed in forcing it down ; find the pressure of the air within the 
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air-chamber, and the height to whieh water can be niaad abate the 
piston, when the surface of the water in the chamber if one loot 
abore the piston. (One cabic foot of water weighs 62'31be.) 

JuHs 1870 

7. Describe the Baromcter-gaage of the Air-pump^ and explain 
how the degree of exhaustion of the air in the receirer if determined 
by it. Juvs 187a 

9. Describe the Siphon, and explain its action. Show whether 
it would make any difference in its action if tlie limbs wore bent, or 
of unequal bore. Jah. 1872. 

10. If there were three mercurial barometers, and in the first 
the space above the mercnrj is a perfect vacuum, in the second it 
contains a small quantity of air, and in the third it contains a smsll 
quantity of water ; state and explain the effect of slightly depressing 
each of the tubes in the cistern. Jait. 1871 

8. Describe the Forcing-pump, and explain how it can be made 
to give a continuous stream. 

The area of the piston of a forcing-pump is one square foot. Show 
what force must be exerted on the piston in order to raise water to 
a height of 40 feet. (Weight of one«ubic foot of water, 62'51bs. 
nearly.) Junb 187S. 
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OPTIOS. 

lAWB OF BWFliSOaOS AND BEPBAOTIOV. 

8. DeriTe a proof from a CGtmmoii mirror that light is reflected 
from a surface of glass to a smalle:^ degree than from one of metaL 

JuNB 1864. 

8. Two concave metallic reflectors are placed facing one another. 
A candle is placed in the focus of the one, and light is found to he 
concentrated in the focus of the other. Exhihit in a diagram the 
course of the rajs hj means of which this result is caused. 

Jan. 1865 

8. Show by a diagram the path before and after refraction of a ray 
of light which falls upon a plane surface of polished glass ; and show 
also the relation between the angles of incidence and refraction. 

Jttkb 1865. 

9. Objects seen across the top of a limekiln in action appear 
unsteady and indistinct. What is the cause of this ? 

JuNB 1865. 

9. Apply the law of Reflection to explain the formation of images 
iB a looking-glass. Junb 1866. 

9. A ray of light AB is at B partly reflected in the giyeii direction 
BC, and partly refracted. What must be the direction of the 
reflecting surface at B ? and in what plane must the refracted ray 
lie ? Junb 1867. 

9. A luminous point is placed 8 inches from the surface of a plane 
mirror, and 6 inches from the surface of a second plane mirror, at 
right angles to the former. How many images are yisible to a person 
standing in front of both mirrors ? Show by a Hguro the apparent 
positions of all the images. Junb 1868. 

10. What is meant by the Index of Befraction of a transparent 
medium ? 

Explain by the help of a diagram, a method of tracing the path of a 
ray of light in a medium — the angle of incidence of the ray upon 
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the surface of the medium and the index of] refraction of the medium 
being known. Jan. 1869. 

8. A straight rod is immersed in water at an angle of 45^, and its 
lower extremity is at a depth of 6 feet below the surface. Find the 
apparent position and length of the image of the immersed part. 
CIndex of refraction of water, ^) ' Jan. 1870. 

10. A plane mirror revolves about an axis. Explain a method 
of ascertaining, experimentallj, whether or not the axis is perpen- 
dicular to the surface of the mirror. Junb 1871. 

11. Two plane mirrors are inclined at an angle of 60^ : trace the 
path of a pencil of rays proceeding from a luminous point between 
the mirrors to the eye, after undergoing one reflection at the surface 
of each mirror. Junk 1871. 

12. Explain in non-mathematical language what is meant by the 
** index of refraction " of a transparent medium. 

Also describe the Phenomenon known as " total refraction *' ; and 
show how its occurrence, in a given medium, is connected with the 
index of refraction of that medium. Junb 1871, 

. 11. State the Laws of the Reflection of Light by plane polished 
surfaces ; and explain fully an accurate method of proving them by 
experiment. Jan. 1872. 

12. State the Laws of Befraction of Light by such substances, a 
water or glass : and describe and explain experiments by which they 
can be demonstrated. Jan. 1872. 

18. If a small object on the principal axis of a concave mirror, is 
gradually moved up to the mirror from a point at a considerable 
distance, show what will be the simultaneous changes in the 
position and size of the image. Jan. 1872. 

11. Apply the laws of Reflection of Light to flnd the apparent 
position of a luminous point, seen by reflection in a plane mirror. 

Junb 1872 

12, A ray of light is reflected successively by two plane mirrors 
the plane of incidence being perpendicular to the line of intersection 
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of the miiTors ; proye that when the mirrors are at right angles to 
each other, the final direction of the ray is parallel to its original 
direction. Junb 1872. 

10. When a ray of light falls upon a rotating mirror ; show that 
the reflected raj tarns twice as fast as the mirror. Jan. 1873, 

11. A beam of light in passing obliquely from air into water is 
bent away from the surface of the water, and a straight stick, with 
one end immersed obliquely, in the water, appears to be bent towards 
the surface of the water. Show that these are illustrations of the 
same law of refraction. Jan. 187d, 

10. Enunciate completely, (in two statements) the law of Reflec- 
tion of Light. Employ it to find the positions of the images of a 
bright point placed between two parallel plane mirrors. 

Junb 1878. 

11. A beam of light issues from a giren bright point 8 feet abore 
the surface of still water, and falling obliquely on the surface is 
divided into two parts, one of which is reflected and the other 
refracted. Find the position of the point of incidence and its 
distance from the bright point, so that the reflected and refracted 
beamef may be at right angles to each other. 



The index of refraction from air to water is ^, 



Junb 1878 



FOBMATION OF IMAGES BT SIMPLE LENSES. 

8. Define the Focal length of a Lens. If you were given a coDvex 
lens, explain how you would proceed to find its focal length. Would 
your method 'succeed if the lens were concaye? Give a reason for 
your answer. Jan. 1864. 

9. Show by diagrams why an object appears larger when viewed 
through a double-convex lens, but less when viewed through a 
double-concave lens. Junb 1864. 

8. When yon use a lens for magnifying an object, as in a pair of 
spectacles, the object seen does not appear inverted| but wheB you 
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mse it for the purpose of throwing the image of the flame of a eandle 
upon a screen, the image appears inverted. Explain this. 

Jah. 1866. 

9. Draw a good flgare representing the course of a pencil of rays, 
. from a luminous point at some distance, through a eonvex lens, the 
point being in the axis. 

If a plane mirror were held at the focus to which the rays are 
brought, and perpendicular to the axis of the lens, where would it 
send the rajs ? Jan. 1867. 

9. Explain how a convex lens of short focal length enables one 
to sec minute objects magnified. Jan. 1868. 

9. Explain how to find, experimentally, the focal length cf a 
convex lens. 

If a small object and its image be at a distance of 6 and 2*5 inches 
on opposite sides of the lens, find the focal length of the lens. 

JuNB 1869. 

8. The image ef a lamp flame is to be formed upon a screen, at a 
distance of 6 feet by means of a convex lens. What is the greatest 
focal length admissable with a lens of such focal length ? What 
relation will the sizeof the image bear to the size of the flame ? ' 

JUNB 1870. 

8. Describe the action of a convex lens upon the following rays 
proceeding from a luminous point outside the principal axis : — 

( a ) A ray passing through the principal focus nearest to the 

luminous point. 
(6) A ray passing through the optical centre. 
( c ) A ray parallel to the principal axis. 

Show how to find, approximately, by tracing the paths of two rays 
from each extremity of the object, the position and size of the image 
formed by a convex lens. Jan. 1871. 

13. If a candle is placed at a distance of 6 feet from a wall, and 
a distinct image of the flame is produced upon the wall by a lens held 
at one foot from the candle, show that a distinct image will also 
be produced, when the lens is 5 feet from the candle ; and compare 
the sises of the two i sages. Jukb 1878* 
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12. Explain how to draw a figure to represent the formation of a 
real m^gniftefd image of a small object by a lens. If a real image, 
five times as high as the object, is to be thrown on a screen at a 
distance of 86 inches from the object ; show what must be the focal 
length of the lens employed. 'Jan. 1878. 

12. An object is moved from a considerable distance, on the 
principal axis of a concave lens up to the lens. Find the correspon- 
ding changes in the position and siie of the image. June 1878. 



NOT APlilTTINa OF OLASSIFIOATION UNDER 

PREVIOUS HEADINGS. 

1. Explain the terms "Force," "Weight," "Pressure," and 
" Tension." Jan. 1869, 

7. Distinguish between the Statical and Dynamical measures 
of Force. How are they related to one another? June 1869. 

7. State and explain the effect of rarifying and compressing the 
air, in which a bell is rung, upon the loudness of the resulting 
sound. Jan. 1870. 

4. Force may be defined as " any cause which tends to change 
a body's state of rest, or of uniform motion in a straight line." 
Mention any forces you know of, and show how this definition 
applies to them. What is Inertia ? Is it a Force ? Jan. 1872. 

4. Which could you throw the farthest, a small ball of lead, or a 
ball of cork of the same size ; and why ? Jan. 1878. 
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A FEW MISOELLANEOUS PROBLEMS 
IN NATURAL PHILOSOPHY.* 

1. Will forces of 81bs, 41bs, and 51b8, making an angle of 120^ 
with each other, be in equilibrium ? If not, say what 3 forces will 
be in equilibrium in such a case. 

2. Define the phrase ** moment of a force about a given point." 

3. Sketch 8 pulleys, arranged — 1st. According to the first system. 
2nd. According to the second system. 3rd. According to the third 
system. 

4. An inclined plane has a rise of one in fire. What force 
parallel to the plane will prevent a smooth cylinder of 801bs. weight, 
from falling down the incline ? What force, applied parallel to the 
base of the plane, would produce the same effect ? 

5. State clearly what is meant by the symbol **/** and what by 
the symbol " g. " 

6. The diameter of the Earth being assumed as 8000 miles ; what 
would be the value of g, at a distance of 4000 miles from the Earth's 
surface ? 

7. A screw has 36 threads to the inch, and is worked by a lever 
10 inches long. If a force of 5 cwt. be applied to the extremity of 
the lever, what force will the screw exert? 

8. Make a neat sketch of a lever, a system of pulleys, and an 
inclined plane, the advantage of each machine being as 4 to 1. 

9. A cubical vessel measuring 6 inches along one edge, is lowered 
in water, so that the bottom of the cube is at a depth of 10 feet 8 
inches. Find the pressure on the top of the cube and also on one 
of the sides. 

10. Explain how you would ascertain the specific gravity of each 
of the following bodies :— Sulphuric Acid. — Salt. — ^Lead. — Sand. 

11. Abody when weighed in water loses 18 grains, and its specific 
gravity is 3. What is the weight of the body ? 

* These questions are not from the Uniyersity OalendAr. 



CHEMISTRY. 



SOUBOES OF HEAT 



EXPANSION. 

1. One gallon of air (277^ cable inches) is heated under constant 
pressure from O^C. to 75?C. Calculate the yolume of the air at the 
latter temperature, assuming the coefficient of expansion to be 
(H)0866. Jan. 1866. 

1. At what temperature is Water at its point of greatest density ? 
What effect would continuous frosty weather have on our lakes and 
riyers if the water expanded and contracted according to the same 
rule as a piece of solid iron ? Junb 1866. 

1. A room is calculated to hold 60 cubic metres of air at lO^C, 
and 700 millimetres pressure. What would be the yolume of this 
tame quantity of air, if it were measured at O^C. and 760 millimetres 
piressure ? Jav. 1869. 

THEBMOHETSBfl — ^BELATIONS BETWEEN BIFEEBENT 80ALBI 

IN COMMON USE. 

1. What degree of Centigrade corresponds to -.^40^ F.? (Girethe 
details of the calculation.) What degree Fahrenheit corresponds to 
86<> C. ? Jan. 1866. 

7. What degree of the Centigrade scale corresponds to 85^ F. ? 
and what degree of Fahrenheit scale to —40^ C. ? Junb 1867. 

1, Express the temperature of 40^ Fahrenheit on the Centigrade 
scale ; and express the temperature of —40^ Centigrade on the 
Fahrenheit scale. ^xtki^ "^^^^V,*^' 

M 
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HPKCIFIO AND LATENT HEAT. 
C'AU>UIMKTKUi. LIQUEFAOTION. BBTTLLIQ^ION. EYAPOBATION. «»~ 

I. Li'.l u iiiixturo (if ico iind water be placed in a room of which M 
tUii UMiijxfriiturf} In 70^ K. What indications will be obtained from a J^ 
iUttnmmititur irniiinriiod in tho mixture as long as some ice remains? ^ 

Expiafn the roMult. Jah. 1864. ^^■ 

i, Kxjilttiu iUti relation between the boiling point of a liquid and -l 
ih<; jiriiNHuro of tlio iitiiioH])here. Illastrate yoor explanation bj two ^ 
or iUrtit: lixaiiipleM. JuiinB 1865. — 

i^ A i>i(!(;(} of iron Ih heated to 100^ by prolonged immersion in -^ 
bofling wtttfir. DcHcrlbo the apparatus which you would employ, « 
and ttif] oporatfotifl whic.li you would perform in order to determine ^ 
the quantity of heat Kivon off by the iron in cooling to 0^ C. 

JinrBl866. 

I . Water is said to boil at the top of Mont Blanc at 86^ C. ; on 
Mount Ht. Heniard at 02^ C. ; and in London at about 100^ G. 
Kxplain fully the caasos of these differences. Junb 1868. 

1. What weight of ice at 0^ C. will be melted by one kilogramme 
of water at 40^ C, the heat of fusion of ice being taken as equal to 
80<^ G. V (One kilogramme— 1000 grammes.) Jttkb 1869. 

8. Describe the principle of the process you would adopt for the 
determination of tho Specific Heat of a Metal, 

1000 grammes of water are heated 0*114*' G. by the heat given off 
when 100 grammes of iron are cooled from 20^ to 10^. Galcnlate 
from those data tho specific heat of iron. Jan. 1870. 

1. One kilogramme of ice at 0^ G. and 8 kilogrammes water at 
79^ G. are mixed in a closed vessel the sides of which are supposed 
impervious to heat. What will be the temperature of the water 
after the melting of the ice ? Latent heat of water 79°), Jan. 1871. 

1. You find by experiment that the heat of the flame of a single 
spirit-lamp is sufficient to boil fi ounces of water, at 100° C. in an 
open evaporating dish. Two flames, each having the same size and 
temperature as the one first mentioned, are not able to render the 
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^ater and escaping steam hotter than the single flame was able to 
»*nder them. Why not? 

How much steam at 100*^ C. is required to raise the temperature 
•f 54: ounces of water from O*' C. to 100^ C, the latent heat of steam 
*«ing taken=640<> ? Jaw. 1872. 

1- One pound of boiling water at 100^ C. is placed in contact 
'^'^^h. one pound of mercury at 0** C. ; heat is transmitted from the 
wateir to the mercury, till both are at the same temperature. 

^^Iculate this temperature in degrees of the Centigrade scale. 
(Speoific heat of mercury, 0-033.) Jan. 1^78. 

^- The heat produced by the complete combustion of one gramme 
of c^j.i)on, in a calorimeter, can convert 100 grammes of ice at 0^ C. 
"'^^^ "^ater at 0® C. How many grammes of water could be raised by 
"^® Acune amount of heat from 0* C, to 1® C. (Latent heat of water 
®^-> June 1878. 

OONDUOnON. OONVEOTION. EADIATION. 
^- When the rooms of a house are heated by means of hot water 
^ xxot air, the heat is said to bo transmitted by conduction from the 
"^^^tal to your body. . 

Explain what is meant by the terms Conyection and Conduction. 

JUNB 1871. 

!• A basin contains a layer of mercury and one of water. Tou 
^^^t^erse your hand in such a way that one part of it is in the mercury, 
' ^*id the other in the water Explain why the mercury feels colder 
tlian the water, although both liquids are at the same temperature. 

June 1872. 

Chemistry of the Non-Hetallic elements ; including their 
compounds as enumerated below— their chief physical 
and chemical characters— their preparation— and their 
characteristic tests. 



OXYGEN. 
6. Describe the preparation of Oxygen from Chlorate of Potash. 
Giye symbols of the decomposition. By what means can oxygen be 
separated from atmospheric air, and obtained in a pure form ? 

JxTNS 1864« 
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8. Four bottles, containing oxjgen, hydrogwi, nitrogra, nd 
chlorine, retpectivelj, are giren to jon, with the request to detomiM 
the nature of the gas in each bottle. How would you dlitingniili 
each of these gases from the others ? Jun 1866. 

2. Describe some of the most important natural snbatanesi xi 
which Oxygen is contained ; and explain the preparation of the gM 
from the black oxide of manganese. Name the substances iHnek 
are formed when carbon, hydrogen, phosphorus, and sulphur, lespM- 
tirely, are burned in an excess of oxygen« Jmm 186S. 

1. Describe how yon would distinguish Oxygen from oommoi 
Air. What class of bodies do we call Oxides ? Name some oxidM 
of an acid nature and some basic oxides. Jam, 1867. 

1. Describe and explain the preparation of Oxygen from Potaarie 
Chlorate ; and name the substances which are formed when earixm, 
hydrogen, sulphur, and phosphorus, are respectiyely burned in sb 
excess of oxygen. Which of the following bodies can be burned in 
oxygen: — sulphur, nitrogen, coke, sulphurous aoid, waz« iodine, 
chlorine, and ammonia? Jwn 1867. 

1. Describe by equations, as many processes as you know, for the 
preparation of oxygen gas. Jan. 1870. 

2. A giyen sample of gas is found to haye the property of kindling 
a glowing splint of wood. Enumerate the reactions by which yon 
would decide whether it consists of oxygen or of nitrous oxide. 

Jan. 187a 

8. Describe how you would prepare pure oxygeo ; and give an 
outline of the leading properties of this element. Jan. 1871. 

8. Describe and explain the preparation of Oxygen from 
Mercuric Oxide. Oxygen is said to be a permanent gas and a great 
supporter of combustion. Illustrate each statement by a description 
of one or two experiments. Junb 1872* 

HYDBOOEN. 

4. Describe the preparation of pure Hydrogen. How would yon 
prove that hydrogen is lighter than air? What substance is formed 
when hydrogen is burnt in air or in oxygen ? Jan. 186^ 



8. How would 70a prepare the following gases? — Hydrogen, 
Chlorine, and Nitrogen. Gire in each case an explanation of your 
proeess Junb 1866. 

2. Describe how jou would prepare Hjdrogen from Water without 
the assistance of an acid ; and explain your process. How can a 
mixture of two volumes of hjdrogen and one volume of oxygen be 
oonTerted into water ? Jan. 1867. 

2. Describe how you would prepare Hydrogen from Water, 
sine and sulphuric acid ; [and explain your process by means of 
symbols. Sketch the leading properties of hydrogen, and enumerate 
native compounds of this element. Jan. 1869. 

8. How would you show that water is formed when Hydrogen is 
permitted to bum in air ? How would you extract Oxygen from 
Water. Explain your process. Jan, 1873. 

CABBOK. 

4. Diamond, Graphite, and Charcoal are called modifications of the 
element carbon. Why do we assume that these substances represent 
different forms of the same element ? Junb 1864. 

5. Explain why Oxygen, Hydrogen, Nitrogen, and Carbon are 
considered to be Elements. Describe one experiment by which you 
could prove that Diamond and Graphite, consist of the element. 

Jan. 1867. 

6. A solid substance is suspected to contain some compound of 
Carbon. How would you ascertain, by experiment, whether such is 
the case ? Jan. 1870. 

2. Carbon is said to exist in three allotropic modifications. 
Describe fully why Diamond, Graphite and Charcoal are considered 
to be modifications of the element Carbon. Junb 1873. 

NITBOaEN. 

7. A piece of dry/ Phosphorus is sealed up in a tube with 
atmospheric air and gently heated. What is the action of the 
Phosphorus in this experiment ? Describe the properties of the gas 
which is left. Junb 1864. 
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8. Name tbe moit important natural eabstances in which Nitrogen 

I! containrd: and describe bow roa would prepare Nitrogen. 

Enumcratp the prinei])al properties of Xitropen and show how t 

ma J be dijttinjniished from oxr^n, hydrogen and carbonic acid. 

Jdhs1867 

chlokixe. 

6. Describe the preparations and properties of gaseous and of 
liquid Chlorine. What compounds does it form with oxjgen and 
hydrogen respectively ? Jaw. IMi 

4. Describe the effects produced by Chlorine on the following 
substances: — Indigo solution, Copper Foil, Powdered Antimony 
Powdered Charcoal, Phosphorus, and Sulphur. Juke 1887 

2. Describe bow you would prepare Chlorine, and explain your 
process. Also give an outline of the chief chemical and physical 
properties of this clement. Jan. 1868. 

3. Explain the formation of Chlorine from a mixture of Black 
Oxide of Manganese and Hydrochloric Acid (Hydric Chloride). 

What happens when a mixture of one volume of Chlorine and two 
volumes of Hydrogen is exposed to t ne sun's light ? How will wate^ 
act on the products of the reaction ? Junb 1873* 

4. How would you prepare Chlorine ? and how do you explai** 
your process ? If one bottle contains Chlorine gas, and another* 
Bromine vapour, how could you distinguish the two substances froiC 
each other? Why can chlorine not exist free in nature? 

Jaf. 1872. 



BBOMINE. 



IODINE. 
4. Explain what occurs when a current of chlorine is passed 
through a solution of Potassic Iodide. How would you prove a 
brown litjuid to be an aqueous solution of Iodine ? Jvne 1872, 



FLUOBINE. 
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SULPHUR. 
6. What are the principal minerals containing Sulphur ? How is 
sulphur extracted? how purified? Describe the product of its 
combustion in air. Jan. 1864. 

4. Describe the chief allotropic modifications of Sulphur; and 
name the chief substances from which sulphur is obtained. How is 
Sulphurous Acid obtained? How much sulphur and how much 
oxygen are contained in 100 grains of sulphurous acid ? Junb 1868. 

PHOSPHOEUS. 
6. How is Red Phosphorus made from Clear Phosphorus ? Describe 
the chief differences bteween the properties of the two varieties. 
Why is common phosphorus kept under water ? June 1866. 

6. By what experiments could you prove that Common Phos- 
phorus and Red or Amorphous Phosphorus are allotropic modi6 ca- 
tions of the element Phosphorus ? June 1871. 



SILICON. 
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3. Give an outline of the theory by which the Law of Multiple 
Proportions is explained. June 1864. 

4. Illustrate the Law of Multiple Proportions by a series of 
examples, including compounds of carbon with oxygen, carbon with 
hydrogen, sulphur with oxygen, nitrogen with oxygen. June 1865. 

8. Give the molecular weights of Common Salt, Iodide of I'otas- 
sium, Carbonic Acid, and Nitrate of Silver. (The following atomic 
weights may be adopted : — chlorine, 86'5 ; sodium, 28 ; iodine, 127 ; 
potassium, 39 ; carbon, 12; oxygen, 16 ; nitrogen, 14; silver, 108.) 

Jan. 1865. 

8. In what proportion by volume does oxygen combine with each 
of the following gases, viz :< — hydrogen, carbonic oxide, marsh gas, 
and olefiant gas ? June 1865, 

7, How much oxygen is contained in 10,000 grains of potassic 
dichromate, (KgCr^O^) How much oxygen is given off when tho 

same quantity of Salt is heated with oil of vitriol ? K=39, OaBl6, 
Cr«=62-6 ? June 1866 
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5. How many grammei of oxjgen and how many of hydrogen in 
required in order to prepare 500 grammes of water ? How man^ 
litres will the hydrogen measnre if each gramme measnree 11'2 litres ? 
How many litres will the oxygen measure, its density heing 1% timet 
as great as that of hydrogen ? Jait. 1868. 

4. How many volnmes of their respective elements are contained 
in two Yolnmes of each of the following gases? — ^Hydrochloric Acid, 
Steam, and Ammonia. Describe an apparatus for the decompositioi 
of water by a galvanic current, and the results of the decompositioiL 

Ji7inlM& 

7. One hundred volumes of Nitrogen are given. How niaay 
volumes of Oxygen must be added in order to obtain a mixture of 
the same composition as pure atmospheric Air ? Jan. 1867. 

8. What volume of Oxygen is needed for the complete combustion 
of one gramme of carbon ? (Sixteen grammes of oxygen measnre 
11-2. Utres.) Jah. 1867. 

5. How much Carbon could be completely burned by a ton of 
air? Jnirs 1867. 

2. What weight of Oil of Vitriol (H^SO^ ;) must be decomposed 
for the evolution of one gramme of hydrogen ? Juhb 1867. 

4. How much anhydrous Phosphoric Acid is formed by the com- 
bustion of one grain of phosphorus (P=81) ? How much pure air 
is needed for the production of this Phosphoric Acid ? Juhb 1868. 

5. What weight bf Carbon is needed for the formation of 88 grains 
of Carbonic Acid ? What is the volume of this weight of acid at 
O^C and 80 inches barometric pressure? Jan. 1888. 

7. It is asserted that one molecule of Hydrochloric Acid consists 
of one atom of Chlorine and one atom of Hydrogen ; and one mole- 
cule of Ammonia, of one atom of Nitrogen, and three atoms of 
Hydrogen. What do we mean by an atom of nitrogen and an atom 
of hydrogen ? Calculate the percentage composition of ammonia. 

Jan. 1868. 
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6. How much Pure Air ought to be mixed with 100 measnrei of 

Eire-damp, (marsh gas) in a coal mine, in order to supply material 

for the complete combustion of marsh gas during explosion? 

JuNB 1868. 

3. Describe bj an equation what takes place when Metallic Zinc 
is acted upon bj diluted Hydrogen Sulphate (sulphuric acid), taking 
the atomic weight of zinc as 65. What weight of hydrogen would 
be evolved according to this process by the solution of one kilogramme 
of zinc ? JuNB 1869. 

8. What are the proportions, by weight, of the constituent 
elements of the following compounds ? — ^Marsh Gas ; Olefiant Gas ; 
Carbonic Acid ; and Water. Juins 1869. 

4. A litre of carbonic acid is completely reduced to carbonic oxide 
by hot carbon. What volume of carbonic oxide is obtained? What 
volume of oxygen is needed for the complete combustion of carbonic 
oxide ? Jan. 1870. 

3. The weight of 11*2 litres of hydrogen under normal conditions 
being 1 gramme, what are the weights of 100 litres of oxygen, 
carbonic oxide, carbonic acid, chlorine and ammonia gases respec- 
tively under the same conditions ? JuNB 1870. 

2. Give the names and formulsB of the Oxides of Nitrogen, and 
calculate their percentage compositions. Junb 1870. 

6. Explain the action of Oil of Vitriol on Common Salt. What 
weight and what volume of hydrochloric acid gas (hydric chloride) 
could be obtained from 100 grammes of pure common salt (sodic 
chloride) 

Explain the action of aqueous hydrochloric acid on zinc, on red 
oxide of mercury, (mercuric oxide), and on black oxide of manganese 
respectively. Jan. 1871. 

7. How much oxygen do you require for the complete combustion 
of 10 cubic centimetres of marsh gas ? How many cubic centimetres 
of each product of combustion would be formed ? Jukb 1871. 

3. Water is said to be composed of equivalent quantities of ht 
two constituents, or of two atoms of hydrogen and one «Xq\sx^1 
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oxygen. Why do you comider two atoms ef hydrogen to be 
eqniTalent to one atom of oxygen ? Jav. 1872. 

6. How much Fhosphoretted Hydrogen PH^, by weight and 
by volume, would bo furnished by 31 grammes of phosphorus, 
supposing all the phosphorus to bo conyerted into the gas ? 

Jah. 1871 

2. Explain what is meant by the term "Molecular Weight." One 

molecule of ammonia, consisting of one atom of nitrogen and three 

atoms of hydrogen. What is the molecular weight of ammonia ? 

JuirBl872. 

7. What bodies arc formed by the combustion of Sulphuretted 
Hydrogen in Air ? llow many cubic centimetres of pure oxygen are 
necessary for the combustion of 100 cubic centimetres of sulphuretted 
hydrogen ? Jukb 1872. 

6. Describe how you would prepare Hydrochloric Acid from 
Common Salt and Sulphuric Acid, and explain the reaction by means 
of symbols. How many volumes of chlorine and hydrogen are 
required for the formation of 100 cubic centimetres of hydrochloric 
acid? Explain the reactions which take place when an aqueous 
jjolut'ion of hydrochloric acid is placed in contact with zinc, sodic 
hydrate, and black oxide of zinc respectively. Jmfx 1872. 

7. Describe and explain the preparation of Ammonia from 
Ammonic Chloride (chloride of ammonium,) and Slaked Lime. The 
molecule of ammonia consisting of one atom of nitrogen and three 
atoms of hydrogen ; what is the density of anmionia on the hydrogen 
scale ? What happens when one volume of ammonia gas and three 
volumes of hydrochloric acid gas, (hydric chloride) are mixed 
together? Jan. 1878. 

8. Explain the meaning of the following equation : — 

CH4-I-202=C02-|-2H20 
How many volumes of carbonic oxide and of oxygen, respectively, 
•re required for the production of 75 c. cms. of carbonic acid (C0„) ? 

June 1878i 
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GENEEAXi NATUEB OP AOIDS, BASES, AND SALTS. 
3. Describe experiments by \fhich yon could proTC that Silica 
mast be classed among acids. Jan. 1866. 

5. Describe experiments by which you would endcayour to 
ascertain whether a given substance (dissolved in water) is. an acid, 
a base, or a salt. Give an example of a body belonging to each of the 
above named classes, and enumerate those properties of each body 
which you consider to afford the best proof that, it belongs to the 
class to which you assign it. Junb 1866. 

3. Two liquids are given, one containing an acid, and the other 
abase. Describe the experiments you would perform in order to 
ascertain which of the two liquids contains the acid.. Jan. 1868. 

SYMBOLS AND NOMENOLATUBE. 

4. Write in symbols the following coq^pounds : — ^Water ; Sulphuric 
Acid ; Nitric Acid ; Nitrous Oxide ; Sulphuretted Hydrogen. 

Jan. 1865. 

5. Explain the following chemical reactions : — 

(a) The decomposition of Steam by red hot iron. 

(b) The decomposition of Water by potassium in presence and 
absence of atmospheric air. 

(c) The formation of Hydrochloric Acid and Sulphate of Soda 
from common salt and sulphuric acid. 

(d) The action of Chlorine on Sulphuretted Hydrogen. 

Jan. 1865. 

2. Ex'plain fully the meaning of the following symbols ; — 

Oa, H^, Cl„ Br^,!^, C, N^, S, P, CO,, SO3H3O, and NH3. 

June 1866. 

3. Give the symbols of the following elements and compounds : — 
Hydrogen, Nitrogen, Nitrous Acid, Carbon, Marsh Gas, Chlorine, 
Bromine, Phosphorus, Phosphoric Acid, and Silicic Acid. 

June 1867. 

3. Give the formul» of the following substances: — ^Water, Am- 
monia, Silica, Carbonic Acid, Sulphuric Acid, Marsh Gas, 'and 
Phosphoretted Hydrogen. June 1869. 
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6. ExpreM in symbols what takes place (a) when Sulphoric Acid 
and Chloride of Sodium arc heated together ; (b)' when Sulphuric 
Acid, Chloride of Sodium, and Binoxide of Manganese are heated 
together ; (c) when Nitrite of Ammonia and Nitrate of Ammonia 
are each subjected to heat. JxnxB 1870. 

4. What is the diiference in composition between a Sulphite and 
a Sulphate ; between a Nitrite and a Nitrate ; and between Nitrous 
Oxide and Nitric Oxide ? Jan. 1871. 

THE ATMOSPHERE— ITS CONSTITUTION; EFFECTS OF ANIMAL AND 
VEGETABLE LIFE UPON ITS COMPOSITION. 
2. How much oxygen is contained in 60 cubic inches of Air ? 
What are the other constituents ? Jatst. 1864. 

^. Why is Atmospheric Air supposed to be a mechanical mixture 
and not a chemical compound of oxygen and nitrogen ? Jait. 1865. 

6. Describe the chief process by which oxygen is being removed 
from the atmosphere. How is it that the ratio of oxygen to nitrogen 
is nerertheless practically invariable ? Junb 1865. 

6. Explain how you would prove the presence of water, carbonic 
acidy oxygen, and nitrogen, in atmospheric air. Jan. 1866. 

5. Name the constitutents of the Atmosphere. How did Lavoisier 
•how the presence of oxygen in air ? Junb 1866. 

1. Name the chief constitutents of our atmosphere ; state in what 
proportions they occur in it ; and give their respective symbols. Why 

' is air considered to be a mechanical mixture and not a chemical 
compound ? Jan. 1868. 

2. Describe the experiment by which Lavoisier proved air to 
consist of oxygen and nitrogen. 

How many cubic centimetres of oxygen are contained in 100 cubic 
centimetres of air? How many cubic centimetres of hydrogen would 
bo burnt by this quantity of oxygen? June 1869 

2. Our atmosphere is said to take part in the processes of combus- 
tion, of respiration, and of the growth and decay of plants." Explain 
how, and by means of which of its constitutents, the air acts in each of 
tbete processes, Jan. 1872. 
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5. Namo the principal constitutcnts of our atmosphore. How is 
the composition of the air affected by its passage over a long layer 
of red hot charcoal ? Junb 1872. 

2. The ancients supposed air to be one of the. elements. Describe 
properties of air which cause it no longer to be regarded as an 
element. Jan. 1878. 

COMBUSTION. 

STBUOTURE AND PEOPEETIES OF FLAJiE. NATUBE AND 
COMPOSITION OF OBDINAEY FUEL. 

2. Explain why a candle cannot long continue to bum in a closed 
bottle. How is the composition of dry air affected by its passage 
over red hot iron or copper? How much air is needed for the 
complete combustion of 6 grains of pure carbon ? Jan. 1866. 

7. Explain fully why the flame of a common Gas-light is brighter 
than the flame from a Bunscn burner. (A mixture of air and gas is 
burnt in the latter case.) Jan. 18G6. 

7. Describe the products which are formed during the combustion 
of Coal-gas ; and explain what means you would adopt for their 
detection. Why does Olefiant-gas bum with a brighter flame than 
Hydrogen ? June 1866. 

4. Describe the structure of the Flame of a common Candle ; and 
explain why the flame loses in brightness when a current of common 
air is blown into it. Jan. 1867. 

8. A current of pure air passes through a bright coke fire. What 
gases are contained in the air beyond the fire? Give a short 
description of each of them. Junb 1868. 

6. What compounds can be formed by the combustion of the fol- 
lowing substances in a limited and in an excessive quantity of air ; 
and what are their respective formulae : — Sulphur, Phosphorus, 
Hydrogen, and Carbon? Junb 1870. 

4. Describe the structure of the flame of a common candle, and 
explain why carbon is set free by the combustion in the interior, but 
oo( on the surface of the flame. Juns 1871. 
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4. What bodies are produced by the combustion of ordinary illnmi- 
nating gas ? Why does the flame of an ordinary moderator lamp 
appear brighter with than without a chimney glass ? Why is the 
light given out by a flame diminished when a cuirent of air is blown 
into it? Juinil878. 

WATEB. 

OHEMIGAL FEOULIABinES OF NATUBAL WATERS, SUCH AS BAIN- 
WATEB, BIVBB- WATER, SPRING-WATER, SEA-WATER. 

8. Describe an arrangement for decomposing Water by the 
galvanic current ; and state the proportions by volume and by weight 
in which the constituents are given off. Jan. 1864. 

2. Describe properties of oxygen, hydrogen, and water, which 
justify the conclusion that Water is not an elementary substance. 

JuKB 1866. 

8 In what respects does Bain-water differ from Sea-water? 
Enumerate the most common constituents of Spring- water. How 
is Pure water obtained from Spring- water ? and how would you 
ascertain whether a given sample of spring-water contains sulphu- 
retted hydrogen ? Jak. 1867. 

2. During the Abyssinian expedition, drinkable water had to be 
prepared from sea- water. Show how this can be done. Enumerate 
the principal constituents of sea-water. Junb 1868. 

2. What is meant by the term " Hardness/' as applied to Water? 
How would you ascertain whether a particular sample of water 
is hard or not ? Jan. 1870, 

2. Water is said to be a compound of hydrogen and oxygen. 
Describe experiments in proof of this view, and explain why 
hydrogen and oxygen are called elements. Jan. 1871. 

5. The hard water of our chalk districts is rendered soft by the 
addition of Lime-water. Explain fully why lime-water is able to 
produce this result. Junb 1871. 

5. The Well-water of Canterbury is rendered soft by addition of 
an aqueous solution of lime. Explain why lime is able to render 
some kinds of hard water soft. JuNS 1878. 
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OABBOXIO AOm (GABBOXIO OXIDE. 

4. What is the process which takes place at the lower part of a 
charcoal fire, through which moist air ascends ? What changes do 
the resulting gases undergo on passing through the upper portion of 
the fire ? Jan. 1864. 

5. How would 70U proTe that Carbonic Acid consists of carbon 
and oxygen ? How is carbonic ^cid usually prepared ? How do you 
distinguish carbonic acid from nitrogen ? Junb 1865. 

8. How is pure Carbonic Acid prepared ? How much heavier 
than hydrogen is it ? Jan. 1866. 

6. Describe how you would prepare Carbonic Acid from chalk, 
and explain your process by means of symbols. How would you test 
whether the air in a well consists of ordinary air or of carbonic acid? 
By what means would you detect carbonic acid in spring- water ? 

Jan. 1868. 

3. A current of pure air passes through a bright coke fire. What 
gases are contained in the air beyond the fire? Give a short 
description of each of them. Junb 1868. 

4. Enumerate the chief native sources of Carbonic Acid ; and 
mention the causes which tend to keep down the amount of this gas 
in our atmosphere. Jan. 1869. 

5. Describe an experiment by which you would prepare Carbonic 
Oxide Gas from Carbonic Acid« Junb 1869. 

6. Two bottles, one containing carbonic oxide, and the other 
anhydrous carbonic acid, are given you to determine the nature of 
the gas in each bottle. Describe the experiment you would perform 
for this purpose. By what process is Carbonic Acid generated in 
nature? Jan. 1878. 
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OXIDES AND ACIDS OP NITEOaEN. 

6. Give the names and chemical formula of the.subatancefi fonned 
by the action of Hydrogen Nitrate (Nitric Acid) upon metallic 
copper. What happens when the gas produced in this reiction 
comes in contact with air ? Ju5E HMS* 

5. A given sample of gas is found to have the property of kindUng 
a glowing splint of wood. Enumerate the reactions by which yon 
would decide whether it consists of oxygen or Nitrous Oxide 

Jait. 187a 

2. Give the names and formulte of the Oxides of Nitrogen, s»d 
calculate their percentage composition. Juke 1870. 

2. Why do you call oxygen, hydrogen, and carbon, chenucal 
elements ? Describe the properties by which you would distingoisli 
Nitrous Oxide (Laughing Gas) from a mechanical mixture of two 
volumes of Nitrogen and one volume of Oxygen ? Jotb 1871. 

6. Explain, by means of symbols^ the formation of Nitric Acid 
from Saltpetre and common Sulphuric Acii. You prepare hydrogen 
by the action of zinc upon dilute nitric acid. Explain what happens 
when concentrated nitric acid is placed in contact with a solution of 
potassic hydrate. Jan. 1872. 

AMMONIA. 

G. What is Ammonia ? How is it obtained ? Give its composition 
by weight and by volume. Jan. 1866. 

5. Describe the preparation of Ammonia from Ammonic Chloride 
(Sal-ammoniac) ; and explain your proofs by means of symbols. 
What volume of hydrochloric acid gas is needed in order to condense 
a cubio inch of ammonia ? Junb 1868. 

6. How would you obtain evidence of the presence in a given 
solution of Ammonia whether free or combined ? June 1862. 

8. Explain, by an equation, the process of making Ammonia by 
the action of Slaked Lime upon Sal-ummoniuc ; and describe the 
properties of the gas. Jan. 1870. 



HYDBOCHLORIC ACID. 49 



OLEFIANT GAS, HABSH GAS. 



SULPHUBOUS AND SULPHUBIO ACIDS. 

6. • A sample of vinegar is supposed to be adulterated with 
Sulphuric Acid. How would you ascertain the presence of Sulphuric 
Acid in Vinegar? Juke 1869. 

7. How would jou prepare Sulphuric Acid Gas ? Pesoribe and 
explain the reaction by which you would identify it. Jan. 1870. 

7. How is Sulphuric Acid (Oil of Vitriol) made ? Explain the 
chemical changes which take place in the process; June 1870. 

4. What are the tests you would employ in order to detect the 
presence of a dissolved sulphate, chloride, sulphide, and nitrate ? 

June 1870. 

8. What suhstance do you ohtain when a piece of Sulphnr is 
burnt in Oxygen? How can this sahstance he converted into 
common Sulphuric Acid? How would you ascertain whether a 
specimen of an acid consisted of Sulphuric or of Nitric acid ? 

JlTNE 1871. 

SULPHUBETTED HYDBOGEN. 

4. How would you prepare Sulphuretted Hydrogen Gas ? What 
is formed when this gas is burnt in air? June 1369. 

5. A specimen of spring-water is supposed to contain Sulphnrettod 
Hydrogen (Hydric Sulphide). How would you ascertain whether any 
Sulphuretted Hydrogen is|)resent ? Jan. 1871. 

■i 
HYDBOOHLOBIO AOID. 

6. What is the composition by weight and volume of Hydrochloric 
Acid ? How is it obtained ? Mention some of its chief chemical 
properties. June 1864. 
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6. Explain, by means of ajmbola, the preparation of Hydro- 
chloric Acid from Conmon Salt and Snlpharic Acid. How many 
TolnmeB of chlorine and hydrogen are reqnired for the preparatioii 
•f two Yolumes of Hydrochloric Acid? How does water act on 
Hydrochloric Acid gat ? Jun 1867. 

5. Describe the preparation of aqueons Hydrochloric Acid ; add 
explain the process by an equation. How would yoa diatingaiah it 
from an aqueous solution of Nitric Acid ? Juhb 1M9. 

PHOSPHOSIO ACm AND PHOSPHUBETTED HYDBOaXMT. 

5. What substance is formed when a piece of Dry Phosphorous 
is burnt in excess of dry air ? Give the formula of the phoaphoric 
compound produced, and explain how it is acted upon by boiling 
water. Jav. 18711. 

SnJGA. 

7. Describe how you would render Silica soluble in Aqueous 
Hydrochloric Acid, and how the soluble modification of this anbatance 
can be converted into the insoluble form. Jav. 1869. 



KOT ADMITTINa OF 0LA8SIFI0ATI0N T7NBBB 

P&EVIOUS HEADS, 

1. What is the difference between a Kechanical Mixture and a 
Chemical Combination of two elements, A and B ? Illustrate your 
answer by two or three examples. Junb 18M. 

6. Describe experiments by which you would distinguish a 
mechanical mixture of Oxygen and Hydrogen from the common 
compound of those elements. Jav. 1867. 
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A FEW BEMARKS ON EXAMINATIONS. 

Thb object of an Examiner in Framing a Series of Questions is to 
ascertain what knowledge a candidate possesses. The kind of 
questions given should be such as will draw out the candidate's real 
knowledge. By real knowledge, I mean such as will bear the test 
of attack from all sides. To learn the principle of the *' Parallelo- 
gram of Forces," and to have at command certain definitionsy is a verj 
desirable thing ; but a student must not suppose that this is much 
towards an understanding of his subject. As well might it be 
considered that to know the Multiplication Table is a knowledge of 
Arithmetic, as to imagine the mere learning of a short series of 
propositions is acquiring a knowledge of Natural Philosophy or 
Chemistry. 

Having learned any principle or proposition, the student should 
try to apply the principle in every way he can, and his success as a 
candidate will depend upon the facility with which he can do this. 
To gain this facility practice is wanted, and every variety of question 
bearing on the subject should be collected and solved by the pupil' 
For according to his knowledge of known methods of attack, will 
he be able to advance with success to an unknown one. 

The skill of an Examiner consists in putting a subject in a form 
in which the Student must apply his information in some way 
different from that with which he is already acquainted. By suitable 
questions, an Examiner can weed out from a body of candidates those 
who have "crammed" their subjects, from thote who have a just 
knowledge of them. 

My advice then to students, preparing for examination, is to 
Work. They may be sure that if the examiner knows his profession 
he will soon find out and reject the careless, the self-sufficient, and 
the spasmodic workers, and will place in a position of honour, the 
earnest, the painstaking, and the industrious. 

C. J. w. 
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